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DESCRIPTION 

FUEL CELL SYSTEM 
BACKGROUND OF THE INVENTION 
I . Technical Field 
5 The present invention relates to a fuel cell system 

suitable for a power supply of an electronic device and the 
like . 



II. Description of the Related Art 

10 Recently, a fuel cell which can continuously supply 

power for a long time has been known as a power supply of 
an electronic device and the like. A fuel cell generally 
has a fuel electrode and an air electrode arranged on both 
sides of an electrolyte layer. When hydrogen is applied to 

15 the fuel electrode and oxygen is applied to the air 

electrode, an electrochemical reaction is produced and a DC 
(direct current) current is generated. Since an 
electromotive force of the fuel cell which is a minimum 
unit for generating the current is small, it is necessary 

20 to connect a plurality of fuel cells in series to provide 
the power required by a device using the fuel cells as a 
power source. When the plurality of fuel cells are stacked 
to make a fuel cell stack, great power is provided. 

Although the current of the fuel cell can be set a 

25 desired value by enlarging the reaction area, the reaction 
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area cannot be enlarged because the power supply of a 
portable electronic device needs to be miniaturized. In 
order to produce a lot of reactions actively in a limited 
reaction area, an operation control such that fuel is 
5 smoothly supplied to each fuel cell according to a power 
which is required by a load device, is required. 

An operating method and an operation device for a fuel 
cell in a first conventional example which can operate 
efficiently and securely are disclosed in JP-A-2000-208161 . 

10 When the load of an air compressor of an air supply source 
is reduced or supply of fuel gas flux is extremely reduced 
to enhance efficiency of a fuel cell system, a cell voltage 
is lowered or reversed and a fuel cell can be damaged in 
some cases. Therefore, the operating method and device for 

15 the fuel cell in the first conventional example monitors a 
fuel cell voltage of the fuel cell to control a load 
current, an air supply amount, an air pressure, a fuel gas 
supply amount, and fuel gas pressure so that a standard 
deviation of the fuel cell voltage may not exceed a 

20 predetermined value but the standard deviation may follow 
the predetermined value. Thus, the operation method and 
the operating device in the first conventional example 
safely operates the fuel cell without being damaged, and 
enhances the efficiency of the fuel cell system. 

25 A fuel cell system in another conventional example is 
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disclosed in JP-A-2002-184443 . According to the fuel cell 
system in this conventional example, a hydrogen supply 
amount is varied according to a required power by a load 
and voltage control is performed so that each output 
5 voltage of fuel cells constituting a fuel cell stack 

becomes a predetermined cell voltage. Thus, a maximal 
power according to each hydrogen supply amount can be 
obtained. Even when the fuel cells constituting the fuel 
cell stack have different voltage characteristics, over 
10 discharge caused by a voltage drop can be prevented. 

SUMMARY OF THE INVENTION 

The operating method and operating device for the fuel 
cell in the first conventional example monitors each 

15 voltage of a plurality of fuel cells constituting a fuel 
cell stack and controls the amount of fuel and air to be 
supplied to the fuel cell stack. The fuel cell system in 
another conventional example measures each voltage of a 
plurality of fuel cells constituting a fuel cell stack and 

20 controls a hydrogen amount to be supplied to the fuel cell 
stack and a target voltage of the cell. However, according 
to the conventional examples, it is difficult to determine 
a total amount of fuel or air to be supplied to the fuel 
cell stack according to the difference between the 

25 generated power and the required power, and to increase or 
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decrease a fuel supply amount or air supply amount every 
fuel cell in order to reduce a voltage variation of each 
fuel cell while keeping the total amount of the fuel or air 
unchanged. In order to supply fuel having a regular 
5 concentration to each of a plurality of fuel cells 
constituting a fuel cell stack uniformly with high 
precision, it is desirable that each fuel cell can be 
supplied with fuel individually. 

It is an object of the present invention to provide a 
10 fuel cell system which reduces voltage variations of a 

plurality of fuel cells constituting a fuel cell stack and 
stabilizes a power generated by the fuel cell stack. 



In order to solve the above problems, the present 
15 invention has the following configurations. A fuel cell 

system according to an aspect of the present invention has 
a fuel cell stack having a plurality of fuel cells 
connected in series, a fuel supply device that supplies 
fuel to each of the fuel cells based on a fuel supply 
20 amount which is a target value, an air supply device that 
supplies air to each of the fuel cells based on an air 
supply amount which is a target value, and a controller 
that determines the fuel supply amount and the air supply 
amount based on a power which is required by a load device 
25 and a voltage of each of the fuel cells, and the controller 
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sets at least one of the fuel supply amount and the air 
supply amount for each fuel cell based on the voltage of 
each of the fuel cells so that a voltage variation of each 
of the fuel cells is minimized, and the fuel supply device 
5 supplies fuel to each of the fuel cells based on the fuel 
supply amount for each fuel cell, and/or the air supply 
device supplies air to each of the fuel cells based on the 
air supply amount for each fuel cell. 

According to the present invention, the fuel cell 

10 system can reduce the voltage variations of the plurality 

of fuel cells constituting the fuel cell stack and 
stabilize the generated power of the fuel cell stack. 
According to the present invention, the fuel cell system 
can prevent a voltage of any fuel cell from being lowered 

15 and prevent any fuel cell from deteriorating due to 

variations in characteristics of the plurality of fuel 
cells constituting the fuel cell stack or variations in 
characteristics of the fuel supply device. According to 
the present invention, the fuel cell system can prevent a 

20 current of any one of the plurality of fuel cells 

constituting the fuel cell stack from being lowered and 
prevent a generated power of the fuel cell stack from being 
lowered . 

In the fuel cell system according to another aspect of 
25 the present invention, the controller may calculate a 
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voltage deviation which is a difference between the voltage 
of each of the fuel cells and an average value of the 
voltages of the plurality of fuel cells every predetermined 
time, and increase or decrease the fuel supply amount to 
5 each of the fuel cells according to the voltage deviation 
while keeping a total fuel supply amount unchanged, and/or 
increase or decrease the air supply amount to each of the 
fuel cells according to the voltage deviation while keeping 
a total air supply amount unchanged. 

10 According to the present invention, the fuel cell 

system can reduce the voltage variations of the plurality 
of fuel cells while keeping an operating point of the fuel 
cell stack constant. 

The fuel cell system according to still another aspect 

15 of the present invention may further have a temperature 
measuring device that measures a temperature of the fuel 
cell stack, and the controller may have a total fuel supply 
amount table for calculating the total fuel supply amount 
and/or a total air supply amount table for calculating the 

20 total air supply amount based on the temperature of the 

fuel cell stack and the required power of the load device. 
The controller may receive the temperature of the fuel cell 
stack from the temperature measuring device and the 
required power from the load device and calculate the total 

25 fuel supply amount and/or the total air supply amount based 
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on the total fuel supply amount table and/or the total air 
supply amount table to set an amount which is obtained by 
dividing the total fuel supply amount and/or the total air 
supply amount by the total number of the fuel cells to an 
5 initial value of the fuel supply amount and/or the air 
supply amount of each of the fuel cells. Then, the 
controller may repeat calculating the voltage deviation 
which is the difference between the voltage of each of the 
fuel cells and the average value of the voltages of the 

10 plurality of fuel cells and obtaining the target fuel 
supply amount and/or the target air supply amount by 
subtracting a value obtained by multiplying the voltage 
deviation by a predetermined value, from the fuel supply 
amount and/or the air supply amount of each of the fuel 

15 cells every predetermined time. 

According to the present invention, the fuel cell 
system can reduce the voltage variations of the plurality 
of fuel cells while matching the generated power of the 
fuel cell stack to the required power of the load device as 

20 much as possible. 

In the fuel cell system according to still another 
aspect of the present invention, the controller may 
calculate a voltage deviation which is the difference 
between the voltage of each of the fuel cells and an 

25 average value of the voltages of the plurality of fuel 
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cells every predetermined time, and when a maximum value of 
absolute values of the voltage deviations of the plurality 
of fuel cells becomes smaller than a predetermined value, 
the controller may calculate a generated power of the fuel 
5 cell stack within a predetermined time and increase or 

decrease a total fuel supply amount or a total air supply 
amount according to a power difference between the 
generated power and the required power of the load device. 
According to the present invention, the fuel cell 

10 system can prevent the voltage of any fuel cell from being 

lowered and any fuel cell from deteriorating due to 
variations in characteristics of the plurality of fuel 
cells constituting the fuel cell stack or variations in 
characteristics of the fuel supply device. According to 

15 the present invention, the fuel cell system can conform the 
generated power of the fuel cell stack to the required 
power of the load device as much as possible. 

In the fuel cell system according still another aspect 
of the present invention, the total fuel supply amount or 

20 the total air supply amount may be increased or decreased 
by adding a value obtained by multiplying the power 
difference between the generated power of the fuel cell 
stack and the required power of the load device by a 
predetermined value, to the total fuel supply amount or the 

25 total the air supply amount. 
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According to the present invention, the fuel cell 
system can conform the generated power of the fuel cell 
stack to the required power of the load device as much as 
possible . 

5 The fuel cell system according to still another aspect 

of the present invention may further have a power converter 
that controls a voltage or current of the fuel cell stack 
so that it becomes a target voltage or target current 
determined by the controller, and supplies the power from 

10 the fuel cell stack to the load device. When a minimum 
voltage value of the voltages of the plurality of fuel 
cells becomes smaller than a predetermined voltage value, 
the controller may increase the target voltage to cause the 
power converter to increase the voltage of the fuel cell 

15 stack, or the controller may decrease the target current to 
cause the power converter to decrease the current of the 
fuel cell stack. 

According to the present invention, the fuel cell 
system can prevent the voltage of any fuel cell from being 

20 lowered and any fuel cell from deteriorating due to the 

variations in characteristics of the fuel cells 
constituting the fuel cell stack or variations in 
characteristics of the fuel supply device. According to 
the present invention, the fuel cell system can prevent the 

25 current from being lowered by any one of the plurality of 
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fuel cells constituting the fuel cell stack and prevent the 
generated power of the fuel cell stack from being lowered. 

In the fuel cell system according to still another 
aspect of the present invention, when the minimum value of 
5 the voltages of the plurality of fuel cells becomes lower 
than the predetermined voltage value, the controller may 
obtain a value by multiplying a voltage difference between 
the minimum voltage value and the predetermined voltage 
value by a predetermined value and add the obtained value 

10 to the target voltage and the power converter may increase 
the voltage of the fuel cell stack based on the target 
voltage, or the controller may obtain a value by 
multiplying the voltage difference between the minimum 
voltage value and the predetermined voltage value by a 

15 predetermined value and subtract the obtained value from 

the target current and the power converter may decrease the 
current of the fuel cell stack based on the target current. 

According to the present invention, the fuel cell 
system can prevent the voltage of any fuel cell from being 

20 lowered and any fuel cell deteriorating due to variations 

in characteristics of the fuel cells constituting the fuel 
cell stack or variations in characteristics of the fuel 
supply device. According to the present invention, the 
fuel cell system can prevent the current from being lowered 

25 by any one of the plurality of fuel cells constituting the 
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fuel cell stack and prevent the generated power of the fuel 
cell stack from being lowered. 

According to the present invention, the fuel cell 
5 system can reduce the voltage variations of the plurality 
of fuel cells constituting the fuel cell stack and 
stabilize the generated power of the fuel cell stack by 
increasing or decreasing the fuel supply amount or the air 
supply amount in every fuel cell. 

10 In addition, according to the present invention, the 

fuel cell system can prevent the voltage of any fuel cell 
from being lowered and any fuel cell from deteriorating due 
to the variations in characteristics of the fuel cells 
constituting the fuel cell stack or variations in 

15 characteristics of the fuel supply device. 

In addition, according to the present invention, the 
fuel cell system can prevent the current from being lowered 
by any one of the plurality of fuel cells constituting the 
fuel cell stack and prevent the generated power of the fuel 

20 cell stack from being lowered. 

In addition, according to the present invention, the 
fuel cell system can conform the generated power of the 
fuel cell stack to the required power of the load device as 
much as possible. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic conf igurational diagram showing 
a fuel cell system according to a first embodiment of the 
present invention ; 
5 Fig. 2 is a flowchart showing control algorithm of the 

fuel cell system according to the first embodiment of the 
present invention ; 

Fig. 3 is a view showing a relation between a fuel 
supply amount and a maximum output power of a fuel cell of 
10 the fuel cell system according to the first embodiment of 
the present invention; 

Fig. 4 is a view showing a relation between a required 
power and a total fuel supply amount of the fuel cell 
system according to the first embodiment of the present 
15 invention; 

Fig. 5 is a schematic conf igurational diagram showing 
a fuel cell system according to a second embodiment of the 
present invention ; 

Fig. 6 is a flowchart showing control algorithm of the 
20 fuel cell system according to the second embodiment of the 

present invention ; 

Fig. 7 is a view showing a relation between an air 
supply amount and a maximum output power of a fuel cell of 
the fuel cell system according to the second embodiment of 
25 the present invention; 
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Fig. 8 is a view showing a relation between a required 
power and a total air supply amount of the fuel cell system 
according to the second embodiment of the present 
invention; and 
5 Fig. 9 is a view showing a current-voltage 

characteristic and a current-power characteristic of the 
fuel cell with respect to a variation of air supply amount 
of the fuel cell system according to the second embodiment 
of the present invention. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the best mode for carrying out the 
the present invention will be described with reference to 
the drawings hereinafter. 

15 «Embodiment 1» 

A fuel cell system according to first embodiment of 
the present invention will be described with reference to 
Figs. 1 to 4. Fig. 1 is a diagram showing a configuration 
of the fuel cell system according to the first embodiment 

20 of the present invention. As shown in Fig. 1, the fuel 

cell system according to the first embodiment of the 
present invention has a fuel cell stack 100 having a 
plurality of fuel cells, fuel supply devices 101(1) to 
101 (n) (n is two or more arbitrary positive integers) for 

25 supplying fuel to each fuel cell of the fuel cell stack 100, 
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an air supply device 102 for supplying air to each fuel 
cell of the fuel cell stack 100, a power converter 103 for 
controlling a voltage of the fuel cell stack 100, a 
secondary cell 104 for making up for short power when 
5 generated power of the fuel cell stack 100 is less than the 
power which is required by a load device, the voltage 
measuring device 105 for measuring a voltage of each fuel 
cell of the fuel cell stack 100, a current measuring device 
106 for measuring the current of the fuel cell stack 100, a 
10 temperature measuring device 107 for measuring the 

temperature of the fuel cell stack 100, and a controller 
108 for controlling the fuel cell system. The fuel cell 
system according to the embodiment supplies power to a load 
device 109. 

15 The fuel cell stack 100 has n (n is two or more 

arbitrary positive integers) fuel cells 110(1) to 110 (n) 
connected in series. Each of the fuel cells 110(1) to 
110 (n) has a fuel electrode and an air electrode arranged 
on both sides of an electrolyte layer (not shown) . When 

20 fuel (methanol, for example) for generating hydrogen or a 

hydrogen ion is applied to the fuel electrode and oxygen is 
applied to the air electrode, an electrochemical reaction 
is produced and a DC (direct current) current is generated. 
The fuel cells 110(1) to 110 (n) are supplied with fuel of 

25 which amount is set in every fuel cell from the fuel supply 
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devices 101(1) to 101 (n) , respectively. Each of the fuel 
cells 110(1) to 110 (n) is supplied with the same amount of 
air from the air supply device 102. 

Each of the fuel supply devices 101(1) to 101 (n) 
5 receives a fuel supply amount for each fuel cell from the 
controller 108 and supplies fuel to each of the fuel cells 
110(1) to 110 (n) based on the amount, respectively. 

The air supply device 102 receives an air supply 
amount from the controller 108 and supplies air to the fuel 
10 cells 110(1) to 110 (n) based on the amount. The air supply 
amount for each of all the fuel cells 110(1) to 110 (n) is 
the same. 

The power converter 103 is a constant input voltage 
type of DC-DC converter in the first embodiment. The power 
15 converter 103 controls the voltage of the fuel cell stack 
100 (a total voltage of the fuel cells 110(1) to 110 (n) 
connected in series) so that the voltage of the fuel cell 
stack 100 may become a target voltage set by the controller 
108 . 

20 The secondary cell 104 is connected to an output 

terminal of the power converter 103. The secondary cell 
104 is a lithium-ion secondary battery in the first 
embodiment. The secondary cell 104 discharges and supplies 
power to the load device 109 when the generated power of 

25 the fuel cell stack 100 is not sufficient for the required 
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power of the load device 109. The fuel cell system 
according to the present invention sets a target voltage of 
the fuel cell stack 100 and a total fuel supply amount 
according to a required power so that the generated power 
5 of the fuel cell stack 100 may coincide with a required 

power of the load device 109, however, the generated power 
of only the fuel cell stack cannot immediately follow the 
required power of the load device 109. Therefore, the 
secondary cell compensates for the power in a short amount 

10 by discharging. The secondary cell 104 is charged by a 
remaining power (which is obtained by subtracting the 
generated power from the required power) when the generated 
power of the fuel cell stack 100 is more than the required 
power of the load device 109. 

15 The voltage measuring device 105 measures each voltage 

of n fuel cells 110(1) to 110 (n) and transmits n measured 
voltage values to the controller 108. The current 
measuring device 106 measures an output current of the fuel 
cell stack 100 and transmits the measured current value to 

20 the controller 108 and the power converter 103. The 

temperature measuring device 107 measures the temperature 
of the fuel cell stack 100 and transmits it to the 
controller 108. 

The controller 108 receives the required power of the 

25 load device 109 and determines the target voltage of the 
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fuel cell stack 100 according to the required power and 
outputs the target voltage to the power converter 103. The 
controller 108 has a total fuel supply amount table 401 
(Fig. 4). Fig. 4 will be described below. The controller 
5 108 receives the required power of the load device 109 and 
the temperature measured by the temperature measuring 
device 107 and calculates a total fuel supply amount to be 
supplied to the fuel cells 110(1) to 110 (n) based on the 
total fuel supply amount table 401. 

10 The controller 108 receives voltage values of n fuel 

cells 110(1) to 110 (n) outputted from the power converter 
105 and determines a fuel supply amount to be supplied to 
each of n fuel cells based on the voltage values 
individually. The sum of fuel supply amounts for n fuel 

15 cells is equivalent to the total fuel supply amount. A 
method of calculating the fuel supply amount is shown in 
detail in Fig. 2. Fig. 2 will be described below. The 
controller 108 outputs n fuel supply amounts to the 
corresponding fuel supply devices 101(1) to 101 (n) , 

20 respectively. The controller 108 outputs a predetermined 
air supply amount to the air supply device 102. 

The load device 109 is connected to both ends of the 
secondary cell. In this embodiment, the load device 109 is 
a notebook computer. The load device 109 outputs the 

25 required power to the controller 108. The load device 109 
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is supplied with a total power of the power output from the 
fuel cell stack 100 and the power discharged from the 
secondary cell 104 to operate. 

According to the fuel cell system constituted as 
5 described above in this embodiment, when a voltage 

variation of each cell of the fuel cells 110(1) to 110 (n) 
is generated due to a variation in the fuel supply amount 
or a variation in a fuel cell characteristic, the voltage 
variation of the fuel cell is to be reduced. The present 

10 invention reduces the voltage variations of the fuel cells 

to prevent deterioration of the fuel cell and stabilizes 
the generated power of the fuel cell stack by controlling 
the fuel supply amount for each fuel cell. 

Fig. 3 is a view showing the relation between a fuel 

15 supply amount supplied to the fuel cell and a maximum 

output power of the fuel cell. In Fig. 3, a horizontal 
axis shows the fuel supply amount (cc/min) and a vertical 
axis shows the maximum output power (W) . As shown in Fig. 
3, until the fuel supply amount reaches a predetermined 

2 0 fuel supply amount (Ri_max) , the maximum output power of 

the fuel cell is increased according to the increase of the 
fuel supply amount supplied to each of the fuel cells 
110(1) to 110 (n) . According to the fuel cell system in the 
first embodiment of the present invention, the fuel is 

25 supplied to each fuel cell within this monotonous increase 
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region (Ri_min < fuel supply amount < Ri_max) . 

Fig. 4 is the total fuel supply amount table 401 
showing a relation between the required power and the total 
fuel supply amount in the fuel cell system according to the 
5 first embodiment of the present invention. In Fig. 4, a 
horizontal axis shows the required power from the load 
device 109 and a vertical axis shows the total fuel supply 
amount to be supplied to the fuel cell stack 100. The 
relation between the required power and the total fuel 

10 supply amount is varied according to a temperature. As 

shown in Fig. 4, the lower the temperature of the fuel cell 
stack, the more the total fuel supply amount for satisfying 
the required power by the load device. 

Fig. 2 is a flowchart showing control algorithm of the 

15 fuel cell system according to the first embodiment of the 
present invention. First, the controller 108 receives a 
required power (Preq) from the load device 109 and a 
temperature measure value (Tl) of the fuel cell stack 100 
from the temperature measuring device 107 and calculates a 

20 total fuel supply amount (Rtotal) with reference to the 
total fuel supply amount table 401 (step 200). At this 
time, the controller 108 determines a target voltage V0 of 
the fuel cell stack 100 based on the required power and 
outputs the target voltage V0 to the power converter 103. 

25 The controller 108 sets a value obtained by dividing 
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the total fuel supply amount (Rtotal) by the number (n) of 
the fuel cells to an initial value of the fuel supply 
amount of each fuel cell (Ri<— Rtotal /n (i = 1 to n) ) (step 

201) . 

5 The fuel supply devices 101(1) to 101 (n) supply fuel 

to the fuel cells 110(1) to 110(h), respectively according 
to the fuel supply amount (Ri) (i = 1 to n) set by the 
controller 108. The air supply device 102 supplies air to 
each of the fuel cells 110(1) to 110 (n) uniformly according 

10 to the constant air supply amount set by the controller 108. 
Each of the fuel cells 110(1) to 110 (n) is supplied with 
the fuel and air and generates a power. The power 
converter 103 receives the voltage of the fuel cell stack 
100 and controls so that the voltage of the fuel cell stack 

15 becomes the target voltage. 

Then, it is determined whether a certain time (one 
minute in the first embodiment) has passed or not (step 

202) . Until the certain time has passed, each fuel cell is 
supplied with fuel of the fuel supply amount of the initial 

20 value. When the certain time has passed, respective 

average voltages (VI to Vn) of the fuel cells within the 
certain time are calculated (step 203) . Then an average 
voltage (Vave) of n voltages (VI to Vn) is calculated (step 
204). A cell voltage deviation (ei) which is a difference 

25 between each of the voltages (VI to Vn) and the average 
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voltage (Vave) is calculated every fuel cell (ei = Vi - 
Vave (i = 1 to n) ) (step 205). 

Then, the fuel supply amount (Ri) to each fuel cell is 
calculated again based on the cell voltage deviation (ei) 
5 (Ri = Ri - kl x ei) (step 206) . Here, kl designates a 

predetermined positive constant [cc/min/V] . The higher the 
voltage of the fuel cell is, the smaller the fuel supply 
amount (Ri) is. The lower the voltage of the fuel cell is, 
the greater the fuel supply amount (Ri) is. As a result, 
10 while the total fuel supply amount (Rtotal) supplied to all 
of the fuel cells is not changed, the fuel supply amount 
(Ri) supplied to each fuel cell can be changed depending on 
each fuel cell voltage deviation (ei) . The reason why the 
total fuel supply amount is not changed at the step 206 is 
15 shown by the following equations. 

2Ri = ZRi - klSei 

= ZRi - kl (ZVi - nVave) 
= SRi - kl x 0 
= ZRi 

20 = Rtotal 

A saturation process for the fuel supply amount (Ri) 
is performed so that the fuel supply amount (Ri) is 
controlled within the monotonous increase region (which is 
a region in which the generated power of the fuel cell is 

25 monotonously increased according to increase of the fuel 
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supply amount to the fuel cell (Fig. 3)) (step 207). This 
saturation process is such that when the fuel supply amount 
(Ri) is less than the minimum fuel supply amount (Ri_min) , 
Ri is set to the Ri_min and when the fuel supply amount 
5 (Ri) is more than the maximum fuel supply amount (Ri_max) , 

Ri is set to the Ri_max . The reason is such that even when 
the fuel more than the maximum fuel supply amount (Ri_max) 
is supplied to the fuel cell, the generated power is not 
increased. Thus, the fuel supply devices 101(1) to 101 (n) 

10 supply the fuel to the fuel cells 110(1) to 110 (n) , 

respectively based on the fuel supply amount (Ri) (i = 1 to 
n) after the saturation process. 

Here, in order to prevent the fuel cell from being 
damaged when the minimum voltage value of the fuel cells 

15 110(1) to 110 (n) is less than a predetermined value, the 

controller 108 resets the target voltage of the fuel cell 
stack 100 to be outputted to the power converter 103 (steps 
220 to 223) . 

First, a cell minimum voltage deviation (em) between a 
20 minimum value (min(Vi) (i = 1 to n) ) of the voltages of the 
fuel cells 110(1) to 110 (n) and a predetermined value 
(Vref_min) is calculated (em^min (Vi) (i = 1 to n) — 
Vref_min) (step 220). Then, it is determined whether the 
cell minimum voltage deviation (em) is smaller than a 
25 predetermined value or not (step 221). When the cell 
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minimum voltage is smaller than the predetermined value, 
the target voltage of the fuel cell stack 100 is increased 
(target voltages-target voltage + k3 x em) (step 222). 
Here, k3 is a predetermined coefficient. Thus, the 
5 controller 108 increases the target voltage to cause the 
power converter 103 to increase the voltage of the fuel 
cell stack 100 such that the voltage of the fuel cell stack 
100 becomes equivalent to the new target voltage set at the 
step 222. Thus, it is prevented that the voltage of the 

10 fuel cell becomes less than the predetermined value and 

over discharge is generated and the electrolyte film of the 
fuel cell is damaged or deteriorates. When the cell 
voltage minimum deviation is the predetermined value or 
more, the target voltage is set to the original value V0 

15 again (step 223) . 

Next, it is determined whether a maximum value of the 
absolute values of n voltage deviations (ei (i = 1 to n) ) 
which shows voltage variations of the fuel cells 110(1) to 
110 (n) is smaller than a predetermined value or not (step 

20 208) . When the maximum absolute value of n voltage 

deviations is not less than the predetermined value, it is 
determined that the voltage variations of n fuel cells are 
large and the operation is returned to the step 202. The 
operations from the steps 202 to 223 are repeated until the 

25 voltage variations of the fuel cells 110(1) to 110 (n) are 
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reduced. 

Meanwhile, when the maximum absolute value of n 
voltage deviations is smaller than the predetermined value, 
it is determined that the voltage variations of the fuel 
5 cells 110(1) to 110 (n) are reduced and a generated power 

(P) (power (P) = total voltage (Svi) x current) of the fuel 
cell stack 100 within a latest predetermined time (a 
certain time) is calculated (step 209). 

Then, a power difference (ep) between the required 

10 power (Preq) of the load device 109 and the generated power 
(P) of the fuel cell stack 100 is calculated (step 210). 
Then, it is determined whether an absolute value of the 
power difference (ep) is smaller than a predetermined value 
or not (step 211) . When the absolute value of the power 

15 difference (ep) is smaller than the predetermined value, it 
is determined that the present generated power is 
satisfactory, and the operation is returned to the step 202. 

When the absolute value of the power difference (ep) 
is not less than the predetermined value, it is determined 

20 that the total fuel supply amount is excessive or deficient, 
and the total fuel supply amount is calculated again 
according to the power difference (Rtotal<— Rtotal + k2 x 
ep) (step 212) . Here, k2 is a predetermined positive 
constant [cc/min/V] . More specifically, when the generated 

25 power (P) of the fuel cell stack 100 is smaller than the 
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required power (Preq) , it is determined that the fuel 
supply amount is deficient, and the total fuel supply 
amount (Rtotal) is increased. Meanwhile, when the 
generated power (P) is greater than the required power 
5 (Preq) , it is determined that the fuel supply amount is 

excessive and the total fuel supply amount (Rtotal) is 
decreased . 

At this time, in order to prevent the total fuel 
supply amount (Rtotal) from increasing too much or becoming 

10 zero when the generated power of the fuel cell stack 100 is 

deficient, a saturation process is performed (step 213) . 
Here, this saturation process is such that when the total 
fuel supply amount (Rtotal) is less than the minimum total 
fuel supply amount (Rtotal _min=nxRi min) , Rtotal is set to 

15 the Rtotal _min and when the total fuel supply amount 

(Rtotal) is more than the maximum total fuel supply amount 
(Rtotal _max = n x Ri max) , Rtotal is set to the Rtotal 
_max . When the total fuel supply amount (Rtotal) is 
changed, each fuel supply amount (Ri) (i = 1 to n) supplied 

20 to each of the fuel cells 110(1) to 110 (n) is changed by 
the same ratio. Then, the operation is returned to the 
step 202. 

Then, the fuel cell system repeats the operations 
after the step 202 to conform the generated power (P) of 
25 the fuel cell stack 100 to the required power (Preq) while 
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the fuel supply amount (Ri) (i = 1 to n) to each fuel cell 
is adjusted so as to reduce the voltage variations of the 
fuel cells 110(1) to 110 (n) . 

As described above, the fuel cell system according to 
5 this embodiment controls the fuel supply amount (Ri) to 

each fuel cell according to the voltage variation of each 
of the fuel cells 110(1) to 110 (n) . Thus, even when there 
is some variations in the characteristics of fuel cells or 
in the characteristics of the fuel supply devices, the 

10 voltage variation of the fuel cell can be reduced or 

eliminated. Therefore, the voltage of the fuel cell can be 
prevented from being lowered and the fuel cell is prevented 
from deteriorating. Furthermore, the generated power of 
the fuel cell stack is prevented from being lowered due to 

15 decrease of the current of the fuel cell. 

According to the fuel cell system in this embodiment 1 
of the present invention, the required power by the load 
device 109 and the generated power of the fuel cell stack 
100 can be conformed to each other as much as possible by 

20 managing the total fuel supply amount according to the 
difference between the required power and the generated 
power. When the minimum value of the voltages of the fuel 
cells 110(1) to 110 (n) becomes smaller than the 
predetermined value, the fuel cell can be prevented from 

25 deteriorating beforehand by increasing the voltage of the 
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fuel cell stack 100. 

In addition, the power converter 103 in this 
embodiment of the present invention is a DC-DC converter 
which controls so that the voltage of the fuel cell stack 
5 100 is conformed to the target voltage. Instead, the power 
converter 103 may be a DC-DC converter which controls so 
that a current of the fuel cell stack may be conformed to a 
target current. In this case, at the step 222 in Fig. 2, 
the controller 108 decreases the target current of the fuel 

10 cell stack (target current^target current - k4 x em) (k4 

is a predetermined positive constant) instead of increasing 
the target voltage of the fuel cell stack 100. 

In addition, although each of the fuel supply devices 
of which number is the same as the number of the fuel cells 

15 supplies the fuel to each of the fuel cells in the first 

embodiment of the present invention, the number of the fuel 
supply devices is not limited to the above. If the fuel 
can be individually supplied based on the fuel supply 
amount corresponding to each of a plurality of fuel cells, 

2 0 the number of fuel supply devices may be any number. For 

example, one fuel supply device may individually supply the 
fuel to the plurality of fuel cells which constitute the 
fuel cell stack. 

25 «Embodiment 2>> 
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A fuel cell system according to a second embodiment of 
the present invention will be described with reference to 
Fig. 5 to Fig. 9. Fig. 5 is a diagram showing a 
configuration of the fuel cell system in the second 
5 embodiment of the present invention. In Fig. 5, the same 
reference numerals denote the same components as those in 
Fig. 1 and their detailed descriptions will be omitted. 
The fuel cell system in the second embodiment has air 
supply devices 502(1) to 502 (n) (n is two or more positive 

10 integers) for supplying air to fuel cells 110(1) to 110 (n), 

respectively and one fuel supply device 501 for supplying 
fuel uniformly to each fuel cell. The controller 108 has a 
total air supply amount table 801 (Fig. 8). Except for the 
above configuration, the fuel cell system in the second 

15 embodiment is the same as that of the first embodiment. 
The fuel cell system according to the second 
embodiment controls an air supply amount to reduce voltage 
variations of the fuel cells 110(1) to 110 (n), and 
stabilize a generated power of the fuel cell stack. The 

20 fuel cell system prevents the fuel cell from deteriorating 

when voltage variations of the fuel cells 110(1) to 110 (n) 
due to a variation in air supply amount are generated. A 
detailed method of determining the air supply amount to 
each of the fuel cells 110(1) to 110 (n) is shown in Fig. 6. 

25 Fig. 6 will be described below. 
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Fig. 7 is a view showing a relation between an air 
supply amount supplied to the fuel cell and a maximum 
output power of the fuel cell in the fuel cell system 
according to the second embodiment of the present invention. 
5 In Fig. 7, a horizontal axis shows the air supply amount 

(L/min) and a vertical axis shows the maximum output power 
(W) . As shown in Fig. 7 , until the air supply amount 
reaches a predetermined air supply amount (Ai_max) , when 
the air supply amount to each of the fuel cells 110(1) to 

10 110 (n) is increased, the maximum output power of the fuel 

cell is monotonously increased. According to the fuel cell 
system in the second embodiment of the present invention, 
air is supplied to each of fuel cells 101(1) to 101 (n) 
within this monotonous increase region (Ai_min < air supply 

15 amount < Ai_max) . 

Fig. 8 is the total air supply amount table 801 
showing a relation between the required power and the total 
air supply amount in the fuel cell system according to the 
second embodiment of the present invention. In Fig. 8, a 

20 horizontal axis shows the required power by the load device 
109 and a vertical axis shows the total air supply amount 
to be supplied to the fuel cell stack 100. The relation 
between the required power and the total air supply amount 
is varied according to a temperature, i.e., lower the 

25 temperature of the fuel cell stack 100, the more the total 
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air supply amount for satisfying the required power by the 
load device 109. 

Fig. 9 is a view showing a current-voltage 
characteristic 901 (the air supply amount is great) , a 
5 current-voltage characteristic 902 (the air supply amount 
is middle) , a current-voltage characteristic 903 (the air 
supply amount is small), a current-power characteristic 911 
(the air supply amount is great) , a current-power 
characteristic 912 (the air supply amount is middle) , and a 

10 current-power characteristic 913 (the air supply amount is 
small) of the fuel cell according to the variation of air 
supply amount as parameters. In Fig. 9, a horizontal axis, 
a left vertical axis, and a right vertical axis show a 
current (A) , a voltage (V) and a power (W) , respectively. 

15 In Fig. 9, the fuel supply amount to the fuel cell is 

2cc/min. It has been found from Fig. 9 that when the air 
supply amount to be supplied to each of the fuel cells 
110(1) to 110 (n) is reduced, the voltage and power 
outputted from the fuel cell is lowered. 

20 Fig. 6 is described. Fig. 6 is a flowchart showing 

control algorithm of the fuel cell system according to the 
second embodiment of the present invention. The fuel cell 
system in the embodiment 2 determines the air supply amount 
to be supplied to each of the fuel cells 110(1) to 110 (n) 

25 as shown in the flowchart of Fig. 6. In Fig. 6, the same 
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numerals denote the same steps as in Fig. 2. 

First, the controller 108 receives a required power 
(Preq) from the load device 109 and a temperature measure 
value (Tl) of the fuel cell stack 100 from the temperature 
5 measuring device 107 and calculates a total air supply 
amount (Atotal) with reference to the total fuel supply 
amount table 801 (step 600) . At this time, the controller 
108 determines a target voltage V0 of the fuel cell stack 
100 based on the required power and outputs the target 

10 voltage V0 to the power converter 103. 

The controller 108 sets a value obtained by dividing 
the total air supply amount (Atotal) by the number (n) of 
the fuel cells to an initial value of the air supply amount 
(Ai) supplied to each fuel cell (Ai<— Atotal /n (i = 1 to n) ) 

15 (step 601) . 

The air supply devices 502(1) to 502 (n) supply air to 
the fuel cells 110(1) to 110 (n), respectively according to 
the air supply amount (Ai) (i = 1 to n) set by the 
controller 108. The fuel supply device 501 supplies fuel 

20 to each of the fuel cells 110(1) to 110 (n) uniformly 
according to a constant fuel supply amount set by the 
controller 108. Each of the fuel cells 110(1) to 110 (n) is 
supplied with the fuel and air and generates a power. The 
power converter 103 receives the voltage of the fuel cell 

25 stack 100 and controls so that the voltage of the fuel cell 
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stack becomes the target voltage. 

Then, it is determined whether a certain time (one 
minute in the second embodiment) has passed or not (step 
202). Until the certain time has passed, the air supply 
5 amount of the initial value is supplied to each fuel cell. 
When the certain time has passed, respective average 
voltages (VI to Vn) of the fuel cells within the certain 
time are calculated (step 203) . Then, an average voltage 
(Vave) of n voltages (VI to Vn) is calculated (step 204). 

10 A cell voltage deviation (ei) which is a difference between 
each of the voltages (VI to Vn) and the average voltage 
(Vave) is calculated every fuel cell (ei = Vi - Vave (i = 1 
to n) ) (step 205) . 

Then, the air supply amount (Ai) to each fuel cell is 

15 calculated again based on the cell voltage deviation (ei) 
(Ai = Ai - kl x ei) (step 606) . Here kl designates a 
predetermined positive constant [L/min/V] . The higher the 
voltage of the fuel cell is, the smaller the fuel supply 
amount (Ri) is. The lower the voltage of the fuel cell is, 

20 the greater the air supply amount (Ai) is. As a result, 
while the total air supply amount (Atotal) to all of the 
fuel cells is not changed, the air supply amount (Ai) to 
each fuel cell can be changed depending on each fuel cell 
voltage deviation (ei) . The reason why the total air 

25 supply amount is not changed at the step 606 is shown by 



JJ SUBSTITUTE 
SPECIFICATION 

the following equation. 
EAi = EAi - klEei 

= EAi - kl (EVi - nVave) 
= EAi - kl x 0 
5 = EAi 

= Atotal 

A saturation process of the air supply amount (Ai) is 
performed so that the air supply amount (Ai) is controlled 
within the monotonous increase region (which is a region in 

10 which the generated power of the fuel cell is monotonously 
increased according to increase of the air supply amount to 
the fuel cell (Fig. 7)) (step 607). In this saturation 
process, when the air supply amount (Ai) is less than a 
minimum air supply amount (Ai_min) , Ai is set to the Ai_min 

15 and when the air supply amount (Ai) is more than a maximum 
air supply amount (Ai_max) , Ai is set to the Ai_max . The 
reason is such that even when the air of more than the 
maximum air supply amount (Ai_max) is supplied to the fuel 
cell, the generated power is not increased. The air supply 

20 devices 502(1) to 502 (n) supply the air to the fuel cells 
110(1) to 110 (n) , respectively based on the air supply 
amount (Ai) (i = 1 to n) after the saturation process. 

Here, in order to prevent the fuel cell from being 
damaged when the minimum value of the voltages of the fuel 

25 cells 110(1) to 110 (n) is less than a predetermined value, 
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the controller 108 resets the target voltage of the fuel 
cell stack 100 to output to the power converter 103 (steps 
220 to 223) . 

First, a cell voltage minimum deviation (em) between 
5 the minimum value (min(Vi) (i = 1 to n) ) of the voltages of 
the fuel cells 110(1) to 110 (n) and a predetermined value 
(Vref_min) is calculated (em <— min (Vi) (i = 1 to n) — 
Vref_min) (step 220). Then, it is determined whether the 
cell voltage minimum deviation (em) is smaller than a 

10 predetermined value or not (step 221). When the cell 

voltage minimum deviation is smaller than the predetermined 
value, the target voltage of the fuel cell stack 100 is 
increased (target voltage^target voltage + k3 x em) (step 
222). Here, k3 is a predetermined coefficient. Thus, the 

15 controller 108 increases the target voltage to cause the 
power converter 103 to increase the voltage of the fuel 
cell stack 100 such that the voltage coincides with the new 
target voltage set at the step 222. Thus, it is prevented 
that the voltage of the fuel cell becomes less than the 

20 predetermined value and over discharge is generated and the 
electrolyte film of the fuel cell is damaged or 
deteriorates. When the cell voltage minimum deviation is 
more than the predetermined value, the target voltage is 
set to the original value V0 again (step 223) . 

25 Next, it is determined whether a maximum value of the 
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absolute values of n voltage deviations (ei (i = 1 to n) ) 
which shows the voltage variations of the fuel cells 110(1) 
to 110 (n) is smaller than a predetermined value or not 
(step 208). When the maximum value of the absolute values 
5 of n voltage deviations is not less than the predetermined 
value, it is determined that the voltage variations of n 
fuel cells are large and the operation is returned to the 
step 202. The operations from the steps 202 to 223 are 
repeated until the voltage variations of the fuel cells 

10 110(1) to 110 (n) are reduced. 

Meanwhile, when the maximum value of the absolute 
values of n voltage deviations is smaller than the 
predetermined value, it is determined that the voltage 
variations of the fuel cells 110(1) to 110 (n) are reduced, 

15 and a generated power (P) (Power P= total voltage (Svi) x 
current) of the fuel cell stack 100 within a latest 
predetermined time is calculated (step 209). 

Then, a power difference (ep) between the required 
power (Preq) of the load device 109 and the generated power 

20 (P) of the fuel cell stack 100 is calculated (step 210) . 

Then, it is determined whether an absolute value of the 
power difference (ep) is smaller than a predetermined value 
or not (step 211) . When the absolute value of the power 
difference (ep) is smaller than the predetermined value, it 

25 is determined that the present generated power is 
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satisfactory and the operation is returned to the step 202. 

When the absolute value of the power difference (ep) 
is not less than the predetermined value, it is determined 
that the total air supply amount is excessive or deficient, 
5 and the total air supply amount is calculated again 

according to the power difference (Atotal<— Atotal + k2 x 
ep) (step 612) . Here, k2 is a predetermined positive 
constant [L/min/V] . More specifically, when the generated 
power (P) of the fuel cell stack 100 is smaller than the 

10 required power (Preq) , it is determined that the air supply 
amount is deficient, and the total air supply amount 
(Atotal) is increased. Meanwhile, when the generated power 
(P) is greater than the required power (Preq) , it is 
determined that the air supply amount is excessive, the 

15 total air supply amount (Atotal) is decreased. 

At this time, in order to prevent the total air supply 
amount (Atotal) from increasing too much or becoming zero 
when the generated power of the fuel cell stack 100 is 
deficient, a saturation process is performed (step 613) . 

20 In this saturation process, when the total air supply 

amount (Atotal) is less than the minimum total air supply 
amount (Atotal _min=nxAi min) , Atotal is set to the Atotal 
_min and when the total air supply amount (Atotal) is more 
than the total maximum air supply amount (Atotal _max=nxAi 

25 max), Atotal is set to the Atotal max. When the total air 
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supply amount (Atotal) is changed, each air supply amount 
(Ai) (i = 1 to n) to each of the fuel cells 110(1) to 
110 (n) is changed by the same ratio. Then, the operation 
is returned to the step 202. 
5 Then, the fuel cell system repeats the operations 

after the step 202 to conform the generated power (P) of 
the fuel cell stack 100 to the required power (Preq) while 
the air supply amount (Ai) (i = 1 to n) to each fuel cell 
is adjusted so as to reduce the voltage variations of the 

10 fuel cells 110(1) to 110 (n). 

As described above, the fuel cell system according to 
this embodiment controls the air supply amount (Ai) to each 
fuel cell according to the voltage variation of each of the 
fuel cells 110(1) to 110 (n). Thus, even when there are 

15 some variations in characteristics of the fuel cells or in 
characteristics of the air supply devices, the voltage 
variations of the fuel cells can be reduced or eliminated. 
Thus, the voltage of the fuel cell can be prevented from 
being lowered and the fuel cell is prevented from 

20 deteriorating. Furthermore, the generated power of the 
fuel cell stack is prevented from being lowered due to 
decrease of the current of the fuel cell. 

According to the fuel cell system in this embodiment 
of the present invention, the required power by the load 

25 device 109 and the generated power of the fuel cell stack 
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100 can be conformed to each other as much as possible by 
managing the total air supply amount according to the 
difference between the required power and the generated 
power. When the minimum value of the voltages of the fuel 
5 cells 110(1) to 110 (n) becomes smaller than the 

predetermined value, the fuel cell can be prevented from 
deteriorating beforehand by increasing the voltage of the 
fuel cell stack. 

In addition, the power converter 103 in this 

10 embodiment of the present invention is a DC-DC converter 
which controls so that the voltage of the fuel cell stack 
100 is conformed to the target voltage. Instead, the power 
converter 103 may be a DC-DC converter which controls so 
that a current of the fuel cell stack may be conformed to a 

15 target current. In this case, at the step 222 in Fig. 6, 
the controller 108 decreases a target current of the fuel 
cell stack (k4 is a predetermined positive constant) 
instead of increasing the target voltage of the fuel cell 

stack 100 (target currents— target current -k4 x em) . 

20 In addition, although each of the air supply devices 

of which number is the same as that of the fuel cells 
supply the fuel to each of the fuel cells in the second 
embodiment of the present invention, the number of the air 
supply devices is not limited to the above. If the air can 

25 be individually supplied based on the air supply amount 
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corresponding to each of a plurality of fuel cells, the 
number of air supply devices may be any number. For 
example, one air supply device may individually supply the 
fuel to the plurality of fuel cells which constitute the 
5 fuel cell stack. 

In addition, according to the fuel cell system in the 
first embodiment of the present invention, the fuel supply 
amount is set for each fuel cell, and the air supply amount 
to each of all of the fuel cells is the same. According to 

10 the fuel cell system in the second embodiment of the 

present invention, the air supply amount is set for each 
fuel cell, and the fuel supply amount to each of all of the 
fuel cells is the same. Meanwhile, these may be combined 
such that both fuel and air supply amounts are set for each 

15 fuel cell. 

According to the fuel cell system in the present 
invention, a stable output current can be provided from a 
fuel cell stack which has a plurality of fuel cells 
connected in series and provides a desired output voltage. 

20 Thus, the fuel cell stack in which the plurality of fuel 
cells are stacked can be miniaturized, so that a compact 
fuel cell system which is suitable for power supply of a 
portable electronic device can be realized. 

25 The fuel cell system according to the present 
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invention can be useful for power supply of a portable 
electronic device and the like. 



